Zusammenfassung
Introduction
Male breast cancer (MBC) is a relatively rare disease accounting for less than 1% of all cases of cancer in men. Because of its rarity, most information about this disease has been obtained from small, single-institutional, or retrospective studies, or by extrapolation from breast cancer trials in women. Occurrence of breast cancer has been reported in males aged 5-93 years, with a peak at approximately 71 years. The bimodal age distribution seen in women is absent in men, and the incidence increases exponentially with age. Hyperestrogenization resulting from genetic disorders, gonadal dysfunction, obesity, or excess alcohol increase the risk whereas gynecomastia does probably not. Presentation is usually a lump or nipple inversion, but is often late, with more than 40% of individuals having stage III or IV disease. Most tumors are ductal, and 10% are ductal carcinoma in situ. Surgery is usually mastectomy with axillary lymphonodectomy or sentinel node biopsy. Indications for radiotherapy are similar to female breast cancer. Because 90% of tumors are estrogen receptor (ER)-positive, tamoxifen is standard adjuvant therapy, but some individuals could also benefit from chemotherapy. Preoperative chemotherapy is a treatment option in primary inoperable cases. Hormonal therapy is the main treatment for metastatic disease, but chemotherapy can also provide tumor response. National initiatives are increasingly needed to improve information and support for MBC patients.
Epidemiology and Risk Factors
Relative to the disease in women, MBC is rare, accounting for less than 1% of all cases of breast carcinoma with an incidence of 1 in 100,000 men in Europe [1] . The National Cancer Institute (NCI) Surveillance, Epidemiology, and End Results (SEER) Program noted that the incidence of MBC increased by 26% from 1973 to 1998 [2] . MBC rates vary widely between countries. In central African countries, a substantially higher proportion of MBC cases (6-15%) has been reported. The reasons of this geographic variability remain unclear. The relatively high rates have been attributed to endemic infectious diseases causing liver damage, leading to hyperestrogenism [3] . By contrast, the annual incidence of MBC in Japan is less than 5 per million, in parallel with the lower than average incidence of female breast cancer in that country. Mortality rates in Europe remained stable between 1982 and 1992 [4] . The etiology of MBC remains as poorly understood as that of female breast cancer, but genetic disorders and an imbalance by various mechanisms in the estrogen-testosterone ratio are probably implicated. Hormonal alterations due to testicular disease may be an important factor. There is an association with Klinefelter's syndrome which may account for approximately 3% of MBC. People with Klinefelter's syndrome -characterized by the addition of at least one X chromosome to the normal XY karyotype (47XXY) -have testicular dysgenesis, gynecomastia, low testosterone concentrations, and increased gonadotrophins. The risk of breast cancer in these individuals is 20-50 times higher than in 46XY men [5] . In addition, males who have had mumps orchitis, undescended testes or testicular injury are at increased risk of breast cancer due to androgen deficiency or excess estrogens. Cirrhosis of the liver, characterized by increased estrogen levels, may predispose to MBC. Exogenous estrogens have occasionally been associated with causing MBC. Cases of transsexuals developing breast cancer on exogenous estrogens have been reported, and some reports Rudlowski exist of breast cancer in men receiving estrogens for prostate cancer [3] . One study found that serum levels of estradiol and estrone were higher in MBC patients, but did not find any differences between hormone levels of MBC patients and matched controls [6] . Another risk factor, obesity, may act by affecting estrogen levels by peripheral aromatization of androgens. Thus, feminization genetically or by environmental exposure appears to increase risk. Obesity doubles the risk of developing MBC [7] . Environmental factors include increased risk for certain occupations, such as men employed in workplaces with chronic heat and radiation exposure and electromagnetic fields, which is supposed to suppress testicular function [7] . Other elements that have been considered as etiological factors include drugs, head trauma (by increasing prolactin production), local chest trauma, smoking, history of rapid weight gain, or amphetamine use [8] .
A meta-analysis revealed that the risk was significantly increased in males with the following characteristics: never married, benign breast disease, gynecomastia, Jewish ancestry, or history of breast cancer in first-degree relatives [1] . However, most individuals of either gender who develop breast cancer have no apparent risk factor for the disease, and the majority of male patients have no detectable hormone imbalances. Several studies looking at gynecomastia in MBC have not shown a higher incidence of gynecomastia than population incidences. Histological data indicated that the incidence of gynecomastia in mastectomy specimens from MBC cases was 21% which is less than the incidence of 40-55% reported at autopsy of unselected cases. There is no convincing evidence to link gynecomastia with MBC [9] .
Genetics
A family history of breast cancer, in man or woman, is certainly a risk factor. The BRCA2 gene shows evidence of linkage to breast cancer-prone families in whom MBC cases have occurred, and BRCA2 may prove a useful marker for identifying males who are at increased risk. BRCA1, unlike BRCA2, is not strongly associated with MBC. Sisters and daughters of MBC patients have a 2-to 3-fold increased risk of developing breast cancer [10] . A family history of breast cancer confers a relative risk of 3.98 [11] , and 20% of men with breast cancer have a first-degree relative with the disease. 5-10% of female breast cancers are thought to result from autosomal dominant inheritance, particularly BRCA1 and, less frequently, BRCA2 mutations. For men, it is estimated to be between 4% and 40%. The risk increases with increasing numbers of first-degree relatives affected and with young age at diagnosis in affected relatives. Families in which breast cancer has occurred and at least 1 male has been affected, have been reported to have a 60-76% chance of carrying BRCA2 mutations [12] . MBC in patients with BRCA2 mutations tends to present at a younger age and may be associated with a poorer survival. Be 
Histopathology
The predominant histological type of disease is invasive ductal which forms more than 90% of all male breast tumors. Much rarer tumor types include invasive lobular tumors, papillomas, and medullary lesions. Lobular carcinoma, previously not thought to occur in men due to lack of lobular differentiation, has now been reported in a few cases. Ductal carcinoma in situ of the male breast is slightly more common, representing 10% of all cases. However, due to the delayed diagnosis and the lack of sufficient screening programs, the proportion of preinvasive tumor stages is low [19, 20] . In large series reporting tumor grade, 12-20% were grade I, 54-58% grade II, and 17-33% of breast cancers were grade III which is comparable with findings from female breast cancer [21] . Male breast cancers have high rates of hormone receptor expression. Approximately 90% of male breast cancers express the ER, and 81% express the progesterone receptor. As in female breast cancer, the rates of hormone receptor positivity increase with increasing patient age [22] . In women, the agespecific rates of ER-negative breast cancer stop increasing at age 50, but rates of ER-positive cancer continue to increase after age 50. In men, the pattern of ER-negative tumors was less clear because of the small number of cases, but the incidence rate appeared to increase at all ages, although at a slower rate than ER-positive tumors. The propensity for receptor positivity in men may be a result of the low level of circulating estrogen in the male system. This is similar to that observed in postmenopausal women, which has led to the speculation that receptor-positive breast cancers may result from aberrant steroid receptor upregulation and a consequent constitutive activation of downstream targets. In contrast, the HER2 proto-oncogene is less likely to be overexpressed in cancers of the male breast. Recent series found that approximately 11% of male breast cancers are both HER2 gene amplified and protein overexpressed [23] . Due to the small number of cases, the prognostic significance of HER2 is not sufficiently evaluated. The role of the androgen receptor in MBC is unclear. The reported rates of androgen receptor expression have ranged from 34 to 95%, but this receptor has not been associated with breast cancer prognosis [24] .
Diagnosis
In most cases diagnosis is made by triple assessment: Clinical assessment, mammography or ultrasonography, and core biopsy ( fig. 1 ). Ultrasound-guided core biopsy is preferred because it enables a definitive diagnosis of invasive breast cancer to be made. Mammography in men with breast lesions is an effective diagnostic technique with a sensitivity of 92% and a specificity of 90%. Microcalcifications are less common in male than in female breast cancer and have irregular spiculated cause of the prevalence of these mutations in MBC patients, genetic counseling and testing should be considered. Other genes have been investigated for a potential role in the etiology of MBC, but none have clearly been associated with an increased risk. Mutations in the androgen receptor gene, PTEN (Cowden's syndrome), and mismatch repair genes (hMLH1) have been reported in male patients with breast cancer [13, 14] . However, none of these genes have been demonstrated to have a causal association with MBC. Further studies are needed to elucidate their role.
Clinical Features
The most common symptom of MBC is a painless lump which is centrally located in 70-90%. Because of the predominant central location and its anatomical neighborhood, nipple involvement is an early event, with retraction in 9%, discharge in 6%, and ulceration in 6% [3] . Paget's disease is rare, being the presenting feature in only 1%. Up to 20% of patients notice changes in the areola [15] . Less commonly, patients have symptoms of breast tenderness, swelling, nipple itching, and symptoms of distant metastasis. Axillary adenopathy suspicious for metastasis is clinically detected in 40-55% of patients at the time of presentation [16, 17] . The rarity of MBC and therefore the low index of suspicion of both patients and their doctors have been largely responsible for delay in diagnosis. Recent series show a mean delay of 6-10 months. This delay leads to progression of disease before presentation. More than 40% of men with breast cancer present with stage III/IV disease. Therefore, men have a worse prognosis than women because of the extent of the disease at the time of diagnosis [18] . As a result of the paucity of breast tissue in males, the tumornode-metastasis system may not be appropriate in MBC because of early chest wall spread. edges [25] [26] [27] . However, depending on size and volume of the male breast, the diagnostic value of mammography could be limited. On ultrasonography, invasive cancers are typically solid, and all solid lesions require biopsy. Ultrasonography can also be a useful adjunct and provide information regarding nodal involvement. The diagnostic impact of magnetic resonance imaging (MRI) for the male breast is not sufficiently examined. In small studies, the MRI features of benign breast diseases and breast cancers in male patients seemed to be comparable to those seen in female patients, and therefore its diagnostic use should be limited to corresponding applications [28] .
No structured psychosocial studies have been reported in MBC but it is likely that there is substantial undiagnosed and untreated morbidity in such cases. Interviews of male patients indicated several major areas of concern: delay in diagnosis, shock, stigma, causal factors related to body image, and lack of informational and emotional support. Focus group discussions have suggested a particular need for sex-specific information on MBC together with provision of support [29] .
Staging and Prognosis
Staging of MBC is the same as that in women using the TNM system [30] . The most important prognostic indicators are stage at diagnosis and lymph node status. MBC most commonly develops in the central retro-areolar/nipple area which has the greatest lymphatic drainage in the breast. Therefore, it is postulated that MBC has a propensity for nodal metastasis.
Estimates for overall 5-year survival are around 40-65% but when grouped by stage at presentation, 5-year survival is 75-100% for stage I disease, 50-80% for stage II disease, and falling to 30-60% for stage III disease [31] . A large study of 335 male patients found that if nodal status is used to compare male and female breast cancer, then the prognosis is the same in both [32] . The less favorable outcome in men is due to a more advanced stage at presentation and, importantly, the later average age at presentation in men resulting in higher levels of comorbidity. Moreover, there is evidence that adjuvant hormonal and chemotherapy are less often used in male than in female breast cancer which for chemotherapy may relate to the later age at presentation. It is known that, with the consideration of prognostic factors such as tumor size, grade, and axillary nodal involvement, the overall survival rate for men and women is nearly identical [33] .
Therapy
Local therapy for breast cancer is generally similar in men and women. Most men are treated with modified radical mastectomy with axillary lymph node dissection or sentinel node biopsy [34] . Retrospective studies indicate that the outcome for Rudlowski men is equally good when treated with breast conserving surgery at least in early stages [35] . Axillary lymph node dissection is clearly an important component of therapy, because men in whom lymph node dissection was omitted have a poorer outcome [36] . Several small studies have been published that have established the feasibility of sentinel node biopsy in the male patient with breast cancer. No difference was found concerning local relapse and overall survival compared to findings in female breast cancer [37] [38] [39] [40] . Radiotherapy in men treated with mastectomy is performed more often than in women perhaps because of the more advanced tumor stages and/or nipple or skin involvement. As in female breast cancer, the standard radiation dose is 50 Gy in 25 fractions. Radiation therapy does appear to be effective in preventing local recurrences in male patients [34] . Most of the common sites of relapse in MBC are located at the chest wall and supraclavicular areas which should be considered for planning adjuvant radiotherapy [41] . Retrospective studies that investigated the effects of radiotherapy in MBC, reported 5-year locoregional recurrence rates ranging from 3 to 20% [31, [42] [43] [44] [45] . Unless there is massive axillary node involvement, regional node irradiation should avoid treating the whole axilla and be limited to the upper axillary nodes and internal mammary chain. Most available information on adjuvant therapies for MBC comes from small retrospective series [46] [47] [48] [49] . Because of the lack of prospective data on men treated with adjuvant chemotherapy and hormonal therapy, the optimal treatment for men with breast carcinoma remains unknown. Data from small series suggest that male patients with breast carcinoma will benefit from adjuvant systemic therapy, and that the magnitude of the benefit is similar to that seen in women. Chemotherapy regimens for adjuvant and metastatic therapy should be selected in accordance to the established guidelines for breast cancer in women. Given the established benefit of chemotherapy in women and the suggestive evidence in men, most clinicians use similar guidelines for adjuvant chemotherapy in male and female patients. Donegan et al. [50] noted that adjuvant chemotherapy improves prognosis in MBC with axillary metastasis. Yildirim et al. [36] showed that the use of any adjuvant chemotherapy was associated with improved 5-year survival in 121 men with breast cancer. Recent data for breast cancer in women suggest that particularly patients with HER2-positive status benefit from anthracycline-containing regimens [51] . Due to a HER2-positive rate of approximately 11% in MBC, indication for adjuvant treatment with anthracyclines should be restricted. Other reports indicated a trend towards improved survival or survival benefit in node-positive and ER-negative patient subsets. The role of preoperative chemotherapy in MBC is not well-defined and should be restricted to locally advanced or inflammatory diseases. The role of taxanes or dose-dense chemotherapy in MBC has not been adequately established [36, 50] . No information ex- ists about the role of adjuvant trastuzumab in MBC. Only 1 case was published demonstrating response to treatment with trastuzumab in the metastatic setting [52] . However, since very substantial therapeutic benefit is observed after adjuvant trastuzumab in women with HER2-positive breast cancer, adjuvant trastuzumab should be considered for men with high risk, HER2-positive breast cancer similar to indications in women.
In the metastatic setting, chemotherapy can offer substantial palliation to men with hormone-refractory breast cancer. There are no data about the activity or tolerance of bevacizumab or other angiogenesis inhibitors. Adjuvant hormonal therapy is widely accepted in MBC patients with hormone receptor-positive tumors. Due to the fact that more than 90% of breast cancers in men are hormone receptor-positive, an endocrine responsiveness is currently accepted. Retrospective series that have evaluated tamoxifen in the adjuvant setting have shown a reduced risk of breast cancer recurrence and death [48, 49, 53] . The therapy algorithm for adjuvant treatment of MBC is summarized in figure 2 . The role of adjuvant aromatase inhibitors in MBC has not been determined, but in view of the success of adjuvant gonadal ablation and adjuvant aromatase inhibitors in women with breast cancer, additional studies using these interventions for MBC are warranted. Preclinical data suggest that aromatase inhibitors may be less effective in men. In animal models, chronic administration of aromatase inhibitors was associated with significant increases in follicle-stimulating hormone (FSH) and testosterone, and no change in levels of estradiol. A possible explanation for this finding is that the increase in FSH and testosterone could lead to an increase in substrate for aromatization via a feedback loop. Currently, the Southwest Oncology Group has activated S0511 which evaluates the combination of anastrozole and goserelin in men with hormone receptor-positive metastatic breast cancer. In addition to assessing response rates and survival, this protocol will measure hormone levels, and will bank tissue and serum samples [54, 55] . A combination of aromatase inhibitor or tamoxifen and an ER-degrading agent (fulvestrant) could also be appropriate. Fulvestrant has no effect on estrogen synthesis, but it destroys ERs in the tumor cell, thus blocking further proliferation and inhibiting tumor growth. Treatment guidelines from the 'Arbeitsgemeneinschaft für Gynäkologische Onkologie (AGO)' for MBC with the available level of evidence are summarized in figure 3 .
Perspectives
There is a substantial need to obtain more detailed information about the etiology, pathogenesis, and clinical aspects of MBC as well as therapeutic options. Support systems for men with breast cancer are rudimentary, and need more resources Rudlowski and research at a national rather than a local level. Future studies with a focus on disease biology are crucial to advance the understanding of MBC and to optimize the care of all male patients. However, due to the rare incidence, prospective studies are lacking and will be difficult to initiate. National protocols for both information and support for men diagnosed with breast cancer are needed. Building a specially focused tumor registry and including MBC patients in a prospective design will allow investigators to obtain reliable information related to the therapeutic response and biology of MBC.
The German Breast Group (GBG) in cooperation with the 'Arbeitsgemeinschaft für Gynäkologische Onkologie' (AGO) are planning a register study to document the clinical features and pathobiology of MBC. The study will be performed in a retrospective and prospective design to consider data about treatment modalities, toxicity, and patient survival. Furthermore, tumor tissue and blood samples will be collected for a concomitant translational program. The study will be initiated in the second half of 2008. Further details on the study protocol will be presented on the GBG/AGO homepages [56] .
